Purpose The purpose of this study was to compare differences in health-related quality of life (HRQOL) between AfricanAmerican female breast cancer survivors, African-American female survivors of other cancers, and African-American women with no history of cancer. Methods Using data from the 2010 National Health Interview Survey (NHIS), the HRQOL of African-American women aged 35 years or older was compared by cancer status. Physical and mental health items from the Patient-Reported Outcomes Measurement Information System (PROMIS) global health scale were used to assess differences in HRQOL. Results For summary physical and mental health measures, no significant differences were found between breast cancer survivors and women with no history of cancer; survivors of other cancers reported poorer physical and mental health than did women with no history of cancer. Similar differences were found at the item level. When we examined the two African-American female cancer survivor groups, we found that cancer survivors whose cancer was being treated reported substantially poorer physical health and mental health than did those whose cancer was not being treated. Survivors who had private insurance and were cancer free reported better physical and mental health than did those who did not have private insurance and those who were not cancer free. Breast cancer survivors reported slightly better physical and mental health than did survivors of other cancers.
Introduction
Breast cancer survivors are the largest group of female cancer survivors worldwide [1] . Although the number of breast cancer survivors is increasing because of continual improvements in diagnostic screening and cancer treatments [1] [2] [3] , significant survival disparities exist by race and ethnicity. African-American women have the lowest breast cancer survival rate of any racial/ethnic group in the United States (US), and they have a mortality rate that is 41% higher than that of white women [1, 3] . As a result, there has been considerable interest in understanding the health-related quality of life (HRQOL) of African-American female breast cancer survivors [4] .
African-American women are also disproportionately affected when it comes to other cancers as well. Similar to breast cancer, disparities exist among female reproductive cancers, colon cancer, lung cancer, and thyroid cancer [2] . Overall, African-American women have higher mortality rates and shorter survival when compared to other racial ethnic groups for most cancer types [2] . However, little is known about the HRQOL of African-American women who are survivors of other cancers.
HRQOL is a multidimensional population health outcome that supplements the more traditional measures of morbidity and mortality and is useful in providing broad summary measures of perceived health [5, 6] . HRQOL refers to a person's subjective assessment of physical, emotional, social, and cognitive functioning in the context of disease symptoms and treatment [7] . Its constructs include measures of overall health, physical health, mental health, and social functioning [8, 9] .
Over the past decade, analyses have been conducted to improve the understanding of factors that affect HRQOL among various breast cancer survivor groups, but studies that investigate how HRQOL differs among African-American women with and without cancer are lacking. This study is among the first to examine and compare HRQOL among African-American women with and without breast cancer using a nationally representative sample and adjusting for confounders. The purpose of this study was to compare the differences in HRQOL between African-American female breast cancer survivors, African-American female survivors of other cancers, and African-American women with no history of cancer.
Methods

Participants
Data for this study were obtained from the 2010 National Health Interview Survey (NHIS), an annual, nationwide, inperson survey used to monitor the health of the US population on a range of health topics. Data collection for the NHIS uses multistage sampling to obtain a representative sample of the US civilian, non-institutionalized population. One adult (aged ≥ 18 years) per sampled household is randomly selected and invited to participate in the Sample Adult Core component of the survey. The annual response rate of NHIS is approximately 73% of the eligible adults in the sample. The NHIS has been conducted annually since 1957 [10] .
To focus on issues pertaining to cancer knowledge, attitudes, and practices in cancer-related health behaviors, the Centers for Disease Control and Prevention and the National Cancer Institute co-sponsored and developed a cancer control supplement for the NHIS. Since 2000, the NHIS cancer control supplement has been administered approximately every 5 years [10] .
We analyzed data from the 2010 NHIS to assess the HRQOL of three groups of African-American women: survivors of breast cancer, survivors of other cancers, and those without cancer. The participants were adult AfricanAmerican women (including black, black Hispanic, and nonHispanic black women) aged 35 years or older. On the basis of questions about whether a physician had told participants that they had a specific type of cancer, women were categorized into three mutually exclusive groups: those who had ever been told they had breast cancer, those who had ever been told they had cancer other than breast cancer, and those who had never been told they had cancer. Data were drawn from the person, sample adult, and cancer control supplement (sample adult cancer) files [10] .
Measures
Sociodemographic variables were self-reported age (35-54 years or ≥ 55 years), education level (less than a high school diploma, high school graduate, or college graduate), marital status (married, separated/divorced or widowed, or never married/unmarried), insurance status (private or other), and body mass index (BMI; underweight ≤ 18.5 kg/m 2 , normal weight = 18.5-24.9 kg/m 2 , overweight = 25.0-29.9 kg/m 2 , or obese ≥ 30.0 kg/m 2 ). Income was not included as a sociodemographic variable because a substantial proportion of respondents-in particular, older respondents-often do not answer this question, and the sample sizes for each cancer group would have been reduced, resulting in sparse cell sizes and statistical comparisons with low power. There were 8148 African-American women in the 2010 NHIS sample. African-American women younger than 35 were excluded because of the small likelihood of cancer in this group, resulting in a total sample of 1702 African-American women aged 35 or older.
Cancer status was defined according to the response to two self-reported cancer history questions: "Have you ever been told by a physician that you have cancer?" and "Have you ever been told by a physician that you have breast cancer?" To create cancer status categories, respondents who replied yes to the question "Have you ever been told by a physician that you have cancer?" but no to the question "Have you ever been told by a physician that you have breast cancer?" were categorized as having other cancers (n = 74) (Appendix Table 5 ); respondents who replied yes to both questions were categorized as having breast cancer (n = 62); and respondents who replied no to both questions were categorized as being without cancer (n = 1566). Being "cancer free" was defined according to the response to one self-reported cancer history question: "To the best of your knowledge, are you now free of cancer?" Being "currently in treatment" was defined according to the response to a similar question: "Are you currently in active treatment?"
The 10-item Patient-Reported Outcomes Measurement Information System (PROMIS) global health scale was used to assess HRQOL for both physical and mental health. PROMIS is a National Institutes of Health initiative to use item response theory and computer adaptive testing to develop and automate the administration of efficient, precise, and valid item banks measuring common patient-reported clinical outcomes (e.g., pain, fatigue, physical function, and depression) [10] . An effort within PROMIS was to develop a set of global health items to assess general perceptions of health [9] . The 10 items developed for the global health scale consist of five general health items assessed by the question "In general, would you say your health is (excellent, very good, good, fair, or poor)" and five items derived from the core domains of the initial PROMIS item banks (i.e., physical function, pain, fatigue, emotional distress, and social activities).
For the summary T scores for physical and mental health, each domain contained four items (Appendix Table 6 ). For the physical health T scores, the items were overall physical health, being able to carry out every day physical activity, pain, and fatigue. For the mental health T scores, the items were quality of life, mental health, satisfaction with social activities, and emotional problems [10] . The physical and mental health summary scores were transformed to T score distributions. Higher PROMIS scores represented better HRQOL.
For item level analysis, each item was coded into two categories: Good HRQOL (excellent, very good, good; not at all, a little bit, somewhat; none to mild; or pain rating of 0-5 days) and poor HRQOL (fair, poor; quite a bit, very much; moderately to very severe; or pain rating of 6-10 days).
Analytic plan
All statistical analyses were performed with SAS version 9.2 (SAS Institute, Inc.). Descriptive frequencies and χ 2 tests were conducted for each sociodemographic variable and individual PROMIS item by cancer status. At the item level, adjusted logistic regression models were used to assess differences in HRQOL by cancer status. For the PROMIS physical and mental health domain scores, adjusted multiple regression models were used to assess differences by cancer status. All analyses were adjusted for age, marital status, education level, and private insurance. In addition, subgroup analyses were conducted to assess both group differences and cancer-specific health history factors. Using linear regression analyses, we assessed the effect of current cancer treatment, whether individuals were considered to be cancer free, and private insurance status on the global physical and mental health T scores. Summary T scores were computed to test for mean differences by each cancer group. All parameter estimates were considered significant at p < .01.
Results
Descriptive statistics of study population
African-American female breast cancer survivors and survivors of other cancers tended to be older and more likely to be unmarried than African-American women with no history of cancer. (Table 1 ) African-American female survivors of other cancers were significantly less likely to have private insurance than were women in the other groups, and African-American female breast cancer survivors were more likely to be overweight than women in the other groups. BMI was a significant predictor for HRQOL, and women who were obese had poorer health than women who were not.
Descriptive statistics for PROMIS physical and mental health items
Significant univariate differences by cancer status for six of the eight PROMIS domain-specific items were found among African-American women. For physical health, breast cancer survivors and women with no history of cancer had similar levels of self-reported health for all four items. Specifically, breast cancer survivors often reported excellent to good physical health (78.4%), being moderately or completely able to carry out physical activities (84.1%), low levels of fatigue (68.5%), and low levels of pain (75.3%) ( Table 2 ). In contrast, compared with women with no history of cancer, survivors of other cancers reported poorer selfreported physical health on all four physical health items: poor physical health (OR = 2.33; 95% CI, 1.33-4.06), difficulty carrying out physical activities (OR = 2.58; 95% CI, 1.41-4.74), fatigue (OR = 2.17; 95% CI, 1.18-3.98), and pain (OR = 2.87; 95% CI, 1.72-4.78). For two of the four mental health domain specific items, women with no history of cancer reported better health than did survivors of other cancers. Compared with women with no history of cancer, survivors of other cancers were more likely to report poorer mental health (OR = 2.01; 95% CI, 1.11-3.64) and lower satisfaction with social activities and relationships (OR = 2.03; 95% CI, 1.14-3.63).
Weighted adjusted analyses by cancer status for PROMIS physical and mental health items
Results from the weighted analyses (adjusted for age, marital status, education level, and insurance status) were similar to those of the unadjusted analyses for the four PROMIS physical health items, by cancer status (Table 3) . No significant differences on any physical health items were found between breast cancer survivors and women with no history of cancer. In contrast, compared with women with no history of cancer, survivors of other cancers were more than twice as likely to report poorer HRQOL on all four physical items. For the weighted adjusted analyses, no significant differences were found between breast cancer survivors and women with no history of cancer on any of the four mental health items. Similar to the results of univariate comparisons for the mental health items, compared with women with no history of cancer, survivors of other cancers reported poorer HRQOL on two mental health items: mental health (AOR = 1.93; 95% CI, 1.07-3.47) and satisfaction with social activities and relationships (AOR = 1.94; 95% CI, 1.11-3.40).
Weighted adjusted analyses by cancer status for PROMIS physical and mental health summary T scores
After adjusting for age, marital status, education, insurance status, and BMI, survivors of other cancers reported lower scores on the physical health domain than did women with no history of cancer (T score = − 5.40; 95% CI, − 8.43 to − 2.38) (Appendix Table 7 ), representing a more than 50% difference in standard deviation. In contrast to that finding, no significant difference was found on the physical health domain between breast cancer survivors and women with no history of cancer. For the mental health domain, African-American female survivors of other cancers reported lower mental health scores than African-American women with no history of cancer (T score = − 3.10; 95% CI, − 5.65 to − 0.54), but the difference was not as large as the difference in physical health T scores (i.e., about a third of a standard deviation difference). No significant difference in mental health was found between breast cancer survivors and women with no history of cancer.
After adjusting for age, marital status, education level, treatment effects, cancer-free status, and insurance status, we found that breast cancer survivors reported better physical health and mental health than survivors of other cancers (Table 4) . Furthermore, women who did not have private insurance and were receiving cancer treatment reported substantially poorer physical health than did their counterparts. The effect of current treatment on mental health was significant but less than half the effect size of that found for physical health. Women who reported themselves as being cancer free reported both better physical and mental health than did women who had breast cancer or who were survivors of other cancer.
Discussion
The Healthy People 2020 initiative of the US Department of Health and Human Services emphasized HRQOL outcomes, recognizing them as a public health concern and including them as one of the four overarching goals. Examining and measuring HRQOL can help determine the burden of preventable diseases and provide valuable new insights into the relationships between HRQOL and risk factors. Most studies on HRQOL among African-American female breast cancer survivors have made comparisons between only African-American women and non-African-American women [11] [12] [13] [14] ; they also have been limited by the lack 1 3
of comparison groups within African-American women with other cancers and African-American women with no history of cancer. We found only one previous study of African-American women that made comparisons within this group [15] by including a control group of AfricanAmerican women who self-reported that they had previous breast cancer diagnosis. We believe that our study is the first to use a nationally representative sample and to compare various HRQOL measures among African-American female breast cancer survivors, African-American female survivors of other cancers, and African-American women with no history of cancer (control group). Furthermore, few previous studies of African-American female cancer survivors have adjusted for confounders such as age, education level, BMI, insurance status, and marital status or examined the effects of treatment and remission effects. The salient findings of this study were comparisons within subgroups of African-American women. Breast cancer survivors and women with no history of cancer reported better physical and mental health, as determined by global HRQOL summary measures, compared with survivors of other cancers [12, 13] . For the physical health domain, survivors of other cancers reported poor physical health, difficulty carrying out physical activities, fatigue, and pain. For the mental health domain, survivors of other cancers reported poor mental health and satisfaction with social activities and relationships. In the one study that made comparisons similar to ours [15] , results were similar except that Von Ah et al. found significantly poorer outcomes for African-American female breast cancer survivors than for African-American women with no history of cancer for fatigue and satisfaction with social activities. The differences could be because the groups in the Von Ah et al. study were drawn from convenience samples and were not nationally representative or because Von Ah et al. selected African-American female breast cancer survivors who were 2-20 years post diagnosis. Overall, our results suggest resilience among breast cancer survivors in terms of physical and mental health compared with survivors of other cancers. In general, we found that, after adjustment for socio-demographic factors, AfricanAmerican female breast cancer survivors were functioning, both physically and mentally, as well as or better than African-American female survivors of other cancers and African-American women with no history of cancer. For individual mental and physical health items, this was not always the case.
Our study was also the first to make comparisons between the two cancer groups by cancer status, treatment effects, and remission effects. Interestingly, we found large physical health differences between breast cancer survivors and survivors of other cancers and between those who were currently being treated and those who were not. The group differences in mental health were smaller than the physical health differences for both cancer status and treatment. Conversely, the effect of being cancer free was similar across the physical and mental health domains. These findings suggest that the potential to improve the physical and mental health of African-American female cancer survivors is substantial following the diagnosis and treatment of cancer, in particular for survivors of other cancers. There are strengths and limitations to our study. First, the NHIS data are self-reported, so reporting and recall bias may have occurred for the cancer outcomes, treatment variables, and HRQOL outcomes. Because of small sample size, we could not adjust for comorbidities; however, previous studies indicate that comorbidities have an effect on the HRQOL in African-American female breast cancer survivors and African-American survivors of other cancers [16] . Another limitation is the use of binary outcomes for the item-level analyses. This may have reduced the statistical power of the analyses and led to the nonsignificant findings for the comparisons between African-American female breast cancer survivors and African-American women with no history of cancer in this study. Another limitation of this study is the uncertainty regarding the time after diagnosis based on the survey data. This is the only study we are aware of that has used a nationally representative sample that provided comparisons on HRQOL indices between African-American female breast cancer survivors, African-American female survivors of other cancers, and African-American women with no history of cancer. We also adjusted for known confounders: age, marital status, insurance status, BMI, education level, and treatment effects. Although NHIS data are weighted to be representative of the US population, the cancer subgroups used in this study may not be nationally representative.
Our findings highlight the need for public health agencies to adopt practices to improve the mental and physical health of all African-American female survivors of cancer and provide evidence for where the most substantial differences occur among African-American women. In particular, future research should investigate potential interventions for improving HRQOL among AfricanAmerican female survivors of cancers other than breast cancer. Future research should also investigate why African-American women survivors of other cancers differ strongly from African-American breast cancer survivors. The findings of this study have implications for further clinical research and practices as well. Assessing disparities in HRQOL can contribute to improving breast cancer care and improved treatment. This information can provide scientific evidence for clinical-decision making regarding patients' experiences after treatment and during survivorship. Mindfulness-based stress reduction, behavioral techniques, and exercise interventions are practices that, if implemented, may increase HRQOL related to mental and physical health [17] [18] [19] [20] . The survival rate of women with breast cancer increases when the disease is diagnosed and treated early. As advancements in technologies and research improve early detection and treatment, the number of breast cancer survivors will continue to increase. Therefore, it is necessary to consider factors that affect HRQOL among breast cancer survivors and develop strategies that will improve their HRQOL.
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